A b s t r a c t Objective: Adverse events are poor health outcomes caused by medical care. Measuring them is necessary for quality improvements, but current detection methods are inadequate. We performed this study to validate a previously derived method of adverse event detection using term searching in physician-dictated discharge summaries.
Introduction
Adverse events are poor health outcomes caused by medical care. 1 Their detection is a very important aspect of improving patient safety. Although many hospitals use incident reporting or spontaneous voluntary reporting to identify safety problems, this method is very insensitive and nonspecific for identifying adverse events. 2 To avoid this problem, researchers have commonly used a two-stage chart review methodology. This requires a nurse to screen medical records for adverse events using objective criteria. [3] [4] [5] [6] Then, screenpositive records are reviewed by one or two physicians to determine whether an adverse event truly occurred. This approach is desirable because it is more sensitive for adverse events. However, it is extremely costly.
A main contributor to the expense of the chart review method is the low rate of adverse events, which implies that most charts are reviewed unnecessarily. For example, in the major adverse event studies, nurse screening found that between 19% and 63% 4, 5, 7, 8 of charts were screen positive, meaning that as many as 81% of the records are reviewed by a nurse unnecessarily. In turn, only 20% of the screen-positive charts are judged to contain adverse events when reviewed by a physician. 4, 8, 9 Thus, as most charts are reviewed needlessly, the process is very inefficient.
Adverse event detection could be made more cost effective if it were possible to identify charts with a low probability of an adverse event. These charts could then be excluded from subsequent review. One approach is to automatically scan electronic hospital data. 10 This method uses database queries and search engines to find ''signals'' suggesting adverse event occurrence. Various types of data sources have been used for this purpose including discharge abstracts, pharmacy databases, and laboratory information systems. Although information from each of these data sources could identify adverse events, the signals often have very low positive predictive values. These range from 16% for International Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9-CM) codes, 11 to 20% for adverse drug reactions identified from a pharmacy information system. 12, 13 The negative predictive values of these methods range between 76% and 91% 12, 14 and suggest that scanning electronic data could be useful as a screening tool. However, most of these studies do not report negative predictive values for adverse event identification.
A promising subcategory of electronic data screening for adverse events involves term searching of discharge summaries. 15 Discharge summaries are physician-generated textual reports that describe a hospital encounter. Because these reports summarize patient hospitalizations, they should contain information about complications experienced during the hospital stay. Therefore, using a search engine to scan a discharge summary for words suggestive of complications may be an efficient way of identifying adverse events. Recently, Murff et al. 15 evaluated this approach in a cohort of medical patients and found the technique to have a positive predictive value of 0.78, a negative predictive value of 0.74, a sensitivity of 0.64, and a specificity of 0.85 for identifying adverse events.
Given these test characteristics and the method's simplicity, the term search method could be used to replace the nurse reviewer in the traditional method of adverse event detection. However, because the Murff et al. study included only a single population within a single hospital, the method needs to be validated elsewhere. One reason for this concerns variation of discharge summary content across hospitals due to different discharge summary generation practices by physicians and different perceptions about whether documentation of complications could be prejudicial. In addition, surgeons may be more or less descriptive than internists in describing complications. To validate the term search method, we performed the current study in a diverse mix of patients admitted to a Canadian teaching hospital.
Methods

Overview
This research was a substudy of the Ottawa Hospital Patient Safety Study, which was designed to measure the risk of adverse events in adult patients admitted to a Canadian teaching hospital. 7 The Ottawa Hospital Patient Safety Study used a two-stage chart review process to identify adverse events. Adverse events were defined as poor patient outcomes that resulted from medical care rather than the natural history of disease. For the present study, we performed term searching within discharge summaries using a computerized text-word search engine (dtSearch Desktop available at www. dtSearch.com). This was done independently of the chart review methodology or the results of the chart review. The chart review was the gold standard for evaluating the test characteristics of the term search method. The protocol was approved by the Ottawa Hospital Research Ethics Board.
Setting and Patients
The Ottawa Hospital is a multicampus academic hospital. The patients included in the Ottawa Hospital Patient Safety Study consisted of a random sample of nonpsychiatric patients admitted to the hospital during fiscal 2002. Patients were eligible for the substudy if they were admitted to medical or surgical services and if their physician completed a discharge summary.
Term Search Detection Method
We created a set of machine-readable files containing discharge summaries. At our institution, discharge summaries are dictated as free-text narrative reports by physicians.
They are then transcribed by a central transcription service and stored as text files within an internal database. These files are sent to our online clinical data repository, and hard copies are placed on the paper chart and mailed to physicians indicated by the dictating physician.
We reviewed the electronic medical records of the patients in the original sample to determine whether a discharge summary was created. If a discharge summary existed, we created a text file using a unique identifier as its name and stored it in our study database. In addition, we abstracted the level of training of the dictating physician (attending, resident, medical student), and the delay between patient discharge and summary transcription (in days).
Our second step was to establish an adverse event lexicon (see Appendix 1). We used a set of 104 terms that were used by Murff et al. 15 These terms were originally generated by mapping adverse event types to specific complications. For example, the adverse event procedural complication was mapped to several terms including perforation, pneumothorax, and wound infection.
Next, we used a computer search engine to scan the discharge summaries for the presence of our terms. We used dtSearch Desktop as our search engine. We used this software because it is commercially available, simple to use, and can be programmed to search text across a network as well as a desktop computer. It does not require any specialized knowledge or training.
The discharge summaries containing at least one of our terms were then reviewed manually by a board-certified general internist. This step was required to determine whether the context of the term in the discharge summary was suggestive of an adverse event. For example, consider the context of the term delirium in the following two discharge summaries:
Example 1: ''The delirium with hallucinations and delusions was thought to be secondary to recent use of narcotics.'' Example 2: ''It was suspected that he had delirium from a urinary tract infection.''
The context of the term in Example 1 is suggestive of an adverse event, whereas in Example 2, it is not. If the context was considered to be consistent with an adverse event, then the patient was rated as having an adverse event. To complete this task, it took the physician approximately 2 minutes per discharge summary.
Gold Standard Detection Method
Our two-stage chart review process was similar to previously described methods. [3] [4] [5] [6] Briefly, a nurse who was trained in adverse event detection methodology reviewed charts to identify hospitalizations in which at least one of 16 screening criteria occurred. Charts that were screened positive by the nurse reviewer were reviewed by a physician to determine whether an adverse outcome that was significant enough to cause prolongation of the hospitalization, temporary or permanent disability, or death had occurred. The physician then used a 6-point scale to rate his or her confidence that an adverse outcome was due to medical care. A score of 4 or higher indicated that the outcome was an adverse event. All hospitalizations that were rated as ''adverse event positive'' and a sample of ''adverse event negative'' charts were re-reviewed by a second physician. All adverse events were then rated for preventability, severity, type, and location, according to standard definitions. [3] [4] [5] Analysis SAS 8.2 was used for all analyses. Continuous and ordinal variables were compared using Student's t-test and Wilcoxon rank test, respectively. A chi-square test was used to compare categorical variables. Confidence intervals (CIs) (95%) for likelihood ratios (LRs) were calculated using methodology described by Simel et al. 16 When categorizing continuous variables, we selected variable quartiles.
Results
The original study included 364 medical and surgical patients or 1.3% of all such patients admitted to the Ottawa Hospital in fiscal 2002. Of these patients, 245 (67.3%) had a discharge summary and were included in this analysis (Fig. 1) . Patients with a discharge summary were significantly older, had a longer hospital length of stay, and were more likely to have been admitted urgently or emergently and to a medical service (Table 1 ). Figure 1 demonstrates the results of our term search method with reference to adverse events determined by the gold standard method. Overall, 48 of 245 (20%, 95% CI = 15%-25%) study patients had an adverse event. Terms indicative of a possible adverse event were present in the discharge summaries of 168 patients and absent in 77. On physician review of the discharge summary, the term's context was not suggestive of an adverse event in 141 patients. Of the remaining 27 patients, 11 had adverse events. Table 2 describes the study patients by whether an adverse event occurred during the admission. Study patients with an adverse event were significantly older and had a longer hospitalization. The overall median delay to discharge summary dictation was 14 days (interquartile range, 1-63), and 88.2% of summaries were dictated by residents or staff. The timing, severity, preventability, and type of adverse events are presented in Table 3 . Most adverse events occurred prior to the index hospitalization. The characteristics of the subset of adverse events identified using our term search method were similar to the entire sample.
The operating characteristics of the term search method for adverse event detection are presented in Table 4 . The term search method was very insensitive for adverse events (23%, 95% CI = 11%-35%) but was adequately specific (92%, 95% CI = 88%-96%). The positive and negative predictive values for the term search method were, respectively, 42% (95% CI = 25%-59%) and 83% (95% CI = 77%-87%).
The only patient, hospitalization, and discharge summary characteristics that influenced these operating characteristics were admission urgency and dictating physician (Fig. 2) . The specificity of term search method for adverse events was significantly higher for nonelective admissions (p = 0.03) and discharge summaries dictated by residents or staff (p = 0.01). The operating characteristics of term search method improved when the analysis was limited to nonelective admissions and summaries dictated by residents or staff (specificity, 96.3%; 95% CI = 93.1%-99.5%; 1 LR 6.55, 95% CI = 2.3-18.7).
We reviewed the discharge summaries of the 37 false-negative patients to determine why the term search method failed F i g u r e 1. Study flow. The number of adverse events was identified using the gold standard method. The gold standard was a two-stage chart review. *Excluded from the study. Only patients with a discharge summary (n = 245) are included in this study. Unless otherwise indicated, counts and percentages are provided. IQR = interquartile range.
to identify the adverse event. Twelve of these discharge summaries did not mention the adverse event. Another six alluded to the outcome, but did not mention its etiology. For example, several prehospital adverse events, which were caused by care in other facilities, contained information pertaining to the previous health care encounter but contained no explicit link between the encounter and the outcome. The remaining 19 discharge summaries explicitly mentioned the adverse events but used terms or expressions to describe them that we did not include in our search strategy. Five of these could have been identified by including verbs that relate outcomes to treatments (e.g., caused by, induced by, secondary to). Two discharge summaries contained one of our terms but were spelled differently. The remainder consisted of terms that were not a part of our search strategy, including toxicity, pneumonia, febrile neutropenia, dehiscence, and nausea.
We also reviewed the discharge summaries of the 16 falsepositive cases; ten of these cases were major postoperative events, including death in two instances. Presumably, there was information contained in the medical record that led the physician reviewer to rate the outcome as due to the disease as opposed to treatment in these instances. An additional three cases were indeed adverse events but were of minor consequence so that they did not meet the strict severity definition required for adverse event classification by the gold standard method. For example, one discharge summary commented on hyperglycemia caused by prednisone. Another three cases were preadmission intentional overdoses, which were simply misclassified by our physician reviewer during the discharge summary review.
Discussion
The term search method had a specificity of 0.92 and a negative predictive value of 0.83 for identifying adverse events in Adverse events were poor outcomes that were judged to be due to medical management rather than the disease. Unless otherwise indicated, counts and percentages are provided. DC = discharge. *As detected by chart review. Although the number of events is small, the characteristics of the adverse events identified using the gold standard are similar to the characteristics of the subset identified by the screening method. *The gold standard was a two-stage chart review. ySystem errors were due to poorly designed systems such as inadequate training, poorly designed protocols, or inadequate or defective equipment. hospitalized patients. However, the sensitivity and the positive predictive value were relatively low at 0.23 and 0.41, respectively. The method's overall usefulness was also diminished because almost a third of patients did not have a discharge summary, including 78% of patients discharged before 48 hours. The method's operating characteristics improved slightly if we excluded discharge summaries dictated by medical students and discharge summaries for elective cases. Although unproven, minor modifications in our search strategy could potentially improve the test characteristics further.
Although the sensitivity and positive predictive value of the term search method in our population appears poor by standard clinical criteria, they compare favorably with other methods of adverse event detection. For example, studies of adverse event detection using billing codes 14 or ICD-9-CM 11 codes had positive predictive values of 0.3 and 0.16, respectively. In addition, incident reporting, a process that involves voluntary reporting of errors and adverse events by providers and is used in most hospitals, has been shown to identify less than 6% of adverse drug events. 2 Furthermore, the high negative predictive value that we found suggests that this method could definitely be used to exclude charts from further review.
The derivation study of Murff et al. of the term search method found a sensitivity of 0.64, a positive predictive value of 0.78, and a negative predictive value of 0.74. 15 Our results show that the term search method does not perform as well in a different hospital. We can only speculate on the reasons for this.
Most likely, it relates to different details included in discharge summaries. Alternatively, the better positive predictive value in the Murff et al. study may be due to the inclusion of less severe adverse events, which then led to a much higher prevalence. As well, we scanned the entire discharge summary rather than using the approach of Murff et al. to scan simply the course in the hospital section. This should have led to an increased sensitivity, given the high proportion of events occurring before the hospital encounter in our study (Table 3) . The fact that sensitivity is lower despite this suggests that a different approach must be used to identify prehospital events. Finally, we evaluated both medical and surgical patients and found that admission service did not affect the usefulness of the method (Fig. 2) .
Our study was strengthened by using a gold standard that we applied in a blinded fashion. It is interesting to note that only seven of 25 studies identified by a recent systematic review evaluating the use of information technology to detect adverse events used a gold standard. 10 In addition, some investigators limit their evaluation to the positive signals, thereby calculating a positive predictive value only. In general, when evaluating any diagnostic test, it is fundamentally important to assess patients without the condition as well as the cases because outcome prevalence greatly influences the test's positive predictive value. In addition, if one is to use a technology to exclude patients from subsequent evaluation, it is imperative to know the test's negative predictive value.
The gold standard that we used is an accepted method of adverse event detection and has been used in every major F i g u r e 2. Effect of patient, hospitalization, and discharge summary characteristics on the sensitivity and specificity of text words for adverse hospital events. Patients were classified with an adverse event if physicians judged their poor outcome to be due to medical treatment. epidemiological study of patient safety. [3] [4] [5] [6] 8 It has also been used as a gold standard by many other investigators evaluating the utility of various methods of adverse event detection. 10 However, despite its widespread use, the chart review method may not be the optimal gold standard. Some investigators have used active surveillance to identify adverse events and identified considerably more events than chart review methods. 17, 18 The purported reason for this is that the chart review, like the discharge summary, may not contain descriptions of all adverse events if providers fail to include them in their documentation. We did not use prospective surveillance because it has not been generally accepted as an adverse event detection method.
Another limitation of the method is its dependency on the quality of the discharge summaries. A third of patients in our original cohort (119/364) did not even have a discharge summary generated. Most of these patients did not require one by law because they stayed in the hospital less than 48 hours (89/119, 75%). Apart from actually dictating a summary, the content was also an important deficiency. In 12 false-negative cases, the adverse event was not mentioned in the discharge summary even though it was clinically important and contributed to the hospital length of stay.
The term search method could be applied by any hospital whose discharge summaries are stored in machine-readable format. We suggest that it could replace the nurse screener in the two-phase chart review methodology. In our original study, it took the nurse reviewer 121 hours (20 minutes/chart) to complete the initial screening. Subsequently, it took the physician reviewer 60 hours (15 minutes/chart) to review the 238 charts that were screen positive. In contrast, to perform the term search method, it took 5.7 hours of physician time to review the 168 discharge summaries (2 minutes per discharge summary), followed by another 6.8 hours of physician time to review the 27 charts identified as possibly containing an adverse event. Thus, using term searching, we reduced the physician time to one-fifth of what was required to complete the original method. More important, the method obviates using a nurse reviewer. Although only 23% of the adverse events were identified, it appears as if the types of adverse events found were representative of all adverse events (Table 3) , thus making it possible to set priorities and develop rational quality improvement strategies. The sensitivity of the method could be increased to 69% by skipping the manual discharge summary review. However, this decreases the positive predictive value to 20%, implying that the physician will have to manually review more charts in their entirety.
In conclusion, the method of adverse event detection using term searching is promising. Future research should use search engines in a more sophisticated manner than we used. For example, the search engine should be programmed to allow for variations in spelling, incorporate Boolean logic, and account for negative modifiers. The list of terms should also be expanded, for example, using terms like naloxone or toxicity. Finally, natural language processing has been used to aid in classification of textual reports for a variety of conditions, such as chest x-ray reports for pneumonia. Application of this technology to adverse event detection may be similarly beneficial. Finally, as more hospitals integrate their information systems, it will be possible to combine different detection strategies as other investigators have done in outpatients for adverse drug events. 19 
